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(54) Bicycle hub axle

(57) A bicycle hub 13 is provided with a hub axle
assembly 31, a hub shell 32 and a pair of bearing units.
The hub axle assembly 31 basically has a hub axle
washer 41, a bicycle hub axle 40 and a washer retaining
portion or member 42. The hub axle washer 41 includes
an outer peripheral surface 41a and an inner peripheral

surface 41b defining an axle receiving opening. The bi-
cycle hub axle 40 includes a shaft portion 51 and a head
portion 52 with the washer retaining member or portion
42 being located on the shaft portion 51 to retain the hub
axle washer 41 on the shaft portion 51. In the preferred
embodiment, the washer retaining portion or member
42 is a resilient member in the form of a flexible O-ring.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention generally relates to a bi-
cycle fixing bolts such as a bicycle hub axle. More spe-
cifically, the present invention relates to a bicycle hub
axle that has a washer retained thereon.

Background Information

[0002] Bicycling is becoming an increasingly more
popular form of recreation as well as a means of trans-
portation. Moreover, bicycling has become a very pop-
ular competitive sport for both amateurs and profession-
als. Whether the bicycle is used for recreation, transpor-
tation or competition, the bicycle industry is constantly
improving the various components of the bicycle as well
as the hubs of the bicycle. One of the most important
aspects of a bicycle is how well the wheels rotate relative
to the bicycle frame. Thus, it is important to construct
wheels that are inexpensive and easy to assembly,
while maintaining good performance.
[0003] Basically, the wheels of a bicycle usually in-
clude a rim with a tire coupled to a hub by a plurality of
spokes. The hub has a hub shell rotatably supported on
an axle by a pair of bearing assemblies. Thus, the axle
is fixed to the bicycle frame and a hub shell that is ro-
tatably supported on the axle. The spokes are coupled
between the hub shell and the rim. Typically, the rim is
linked to the hub shell by spoke nipples that thread onto
the radially outward ends of the spokes. However, re-
cently, some bicycle wheel designs have reversed the
spoke arrangement so that each of the spokes has an
outer portion secured to the rim and a threaded end se-
cured to the hub shell. The inner end can be secured to
the hub shell via conventional spoke nipples. The con-
ventional spoke nipples typically include a head portion
and an internally threaded shaft portion.
[0004] In the past, the bicycle hubs have hub axles in
which the hub axle washers can easily fall off during as-
sembly of the hub. This can result in lost time in assem-
bling and/or disassembling the hub.
[0005] In view of the above, it will be apparent to those
skilled in the art from this disclosure that there exists a
need for a bicycle hub with an improved bearing assem-
bly. This invention addresses this need in the art as well
as other needs, which will become apparent to those
skilled in the art from this disclosure.

SUMMARY OF THE INVENTION

[0006] One object of the present invention is to pro-
vide a bicycle hub axle in which a hub axle washer is
retained on the hub axle for easy installation.
[0007] Another object is to provide a high quality bi-

cycle hub that is relatively easy to produce at a reason-
able price.
[0008] One aspect of the present invention can basi-
cally be attained by providing a bicycle hub axle assem-
bly comprising a hub axle washer and a hub axle washer
including an outer peripheral surface and an inner pe-
ripheral surface defining an axle receiving opening. The
bicycle hub axle includes a shaft portion, a head portion
and a washer retaining portion. The shaft portion in-
cludes a first axle end and a second axle end with
threads formed the second axle end and a center axis
extending between the first and second axle ends. The
head portion is formed on the first axle end of the shaft
portion. The head portion includes a tool engaging sur-
face and an axial abutment surface facing towards the
second axle end. The washer retaining portion is located
on the first axle end of the shaft portion to retain the hub
axle washer on the first axle end of the shaft portion.
[0009] Another aspect of the present invention can
basically be attained by providing a bicycle bolt assem-
bly comprising a washer, a bicycle bolt, and a resilient
member. The washer includes an outer peripheral sur-
face and an inner peripheral surface defining an axle
receiving opening. The bicycle bolt includes a shaft por-
tion having a first axle end and a second axle end with
threads formed the second axle end, and a head portion
formed on the first axle end of the shaft portion. The
head portion includes a tool engaging surface and an
axial abutment surface facing towards the second axle
end. The resilient member is retained on the first axle
end of the shaft portion and is disposed such that the
washer is retained on the first axle end of the shaft por-
tion.
[0010] Another aspect of the present invention can
basically be attained by providing a bicycle hub com-
prising a hub axle washer, a hub axle assembly, and a
hub shell. The hub axle washer includes an outer pe-
ripheral surface and an inner peripheral surface defining
an axle receiving opening. The hub axle includes a shaft
portion, a head portion and a washer retaining portion.
The hub shell has a first shell end and a second shell
end with an inner tubular surface forming a central pas-
sage extending between the first and second shell ends.
The hub axle is disposed within the central passage of
the hub shell such that the hub shell is rotatably sup-
ported on the hub axle. The shaft portion of the hub axle
includes a first axle end and a second axle end with
threads formed the second axle end and a center axis
extending between the first and second axle ends. The
head portion is formed on the first axle end of the shaft
portion. The head portion includes a tool engaging sur-
face and an axial abutment surface facing towards the
second axle end. The washer retaining portion is located
on the first axle end of the shaft portion to retain the hub
axle washer on the first axle end of the shaft portion.
[0011] These and other objects, features, aspects
and advantages of the present invention will become ap-
parent to those skilled in the art from the following de-
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tailed description, which, taken in conjunction with the
annexed drawings, discloses a preferred embodiment
of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Referring now to the attached drawings which
form a part of this original disclosure:

Figure 1 is a side elevational view of a conventional
bicycle with front and rear bicycle hubs in accord-
ance with preferred embodiments of the present in-
vention;
Figure 2 is an elevational view of the rear bicycle
hub illustrated in Figure 1, with the top half shown
in cross-section, in accordance with the first embod-
iment of the present invention;
Figure 3 is an exploded elevational view of the bi-
cycle hub axle assembly illustrated in Figure 2, with
the bottom half shown in cross-section, in accord-
ance with the first embodiment of the present inven-
tion;
Figure 4 is an enlarged partial elevational view of
the head portion of the bicycle hub axle illustrated
in Figures 2 and 3 in accordance with the first em-
bodiment of the present invention;
Figure 5 is an end elevational view of the head por-
tion of the bicycle hub axle illustrated in Figure 4 in
accordance with the first embodiment of the present
invention;
Figure 6 is an end elevational view of the axle wash-
er for the bicycle hub axle illustrated in Figures 2
and 3 in accordance with the first embodiment of
the present invention;
Figure 7 is a side elevational view of the axle washer
for the bicycle hub axle illustrated in Figure 6 in ac-
cordance with the first embodiment of the present
invention;
Figure 8 is an elevational view of an alternate bicy-
cle hub axle assembly, with the bottom half shown
in cross-section, in accordance with a second em-
bodiment of the present invention;
Figure 9 is an elevational view of the alternate bicy-
cle hub axle assembly illustrated in Figure 8, prior
to securing the washer thereto and with the bottom
half shown in cross-section, in accordance with the
second embodiment of the present invention;
Figure 10 is an elevational view of the alternate bi-
cycle hub axle illustrated in Figures 8 and 9, prior
to deformation, in accordance with the second em-
bodiment of the present invention;
Figure 11 a side elevational view of the axle washer
for the bicycle hub axle assembly illustrated in Fig-
ure 8, with the bottom half shown in cross-section,
in accordance with the second embodiment of the
present invention;
Figure 12 is an end elevational view of the axle
washer illustrated in Figure 8 in accordance with the

second embodiment of the present invention;
Figure 13 is an elevational view of an another alter-
nate bicycle hub axle assembly, with the bottom half
shown in cross-section, in accordance with a third
embodiment of the present invention;
Figure 14 is an elevational view of the alternate bi-
cycle hub axle, with the bottom half shown in cross-
section, in accordance with the third embodiment of
the present invention;
Figure 15 is a side elevational view of the resilient
retaining member for the bicycle hub axle assembly
illustrated in Figure 13 in accordance with the third
embodiment of the present invention;
Figure 16 is a side elevational view of the axle wash-
er for the bicycle hub axle assembly illustrated in
Figure 13, with the bottom half shown in cross-sec-
tion, in accordance with the third embodiment of the
present invention;
Figure 17 is an end elevational view of the resilient
retaining member illustrated in Figure 16 in accord-
ance with the third embodiment of the present in-
vention; and
Figure 18 is a cross-sectional view of the resilient
retaining member for the alternate bicycle hub axle
illustrated in Figure 13 in accordance with the third
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] Selected embodiments of the present inven-
tion will now be explained with reference to the draw-
ings. It will be apparent to those skilled in the art from
this disclosure that the following descriptions of the em-
bodiments of the present invention are provided for il-
lustration only and not for the purpose of limiting the in-
vention as defined by the appended claims and their
equivalents.
[0014] Referring initially to Figure 1, a bicycle 10 is
illustrated with a front bicycle hub 12 and a rear bicycle
hub 13 in accordance with a first embodiment of the
present invention. The front bicycle hub 12 is part of a
front wheel 14, while the rear bicycle hub 13 is part of a
rear wheel 15. The front bicycle hub 12 is rotatably cou-
pled to a front fork 16a that is movably coupled to a bi-
cycle frame 16b. The rear bicycle hub 13 is rotatably
coupled to a rear fork section of the bicycle frame 16b.
In particular, the front and rear wheels 14 and 15 have
a plurality of spokes 18 extending outwardly the front
and rear bicycle hubs 12 and 13 that are coupled to front
and rear annular rims 20, respectively. The spokes 18
are coupled to the rims 20 by spoke nipples (not shown)
such that the tension in the spokes 18 can be adjusted
in a conventional manner. Pneumatic tires are mounted
on the outer surface of the rims 20. The bicycle 10 also
includes a drive train 22 for propelling the bicycle 10 in
a conventional manner. In the illustrated embodiment,
each of the front and rear wheels 14 and 15 has thirty-
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two spokes. Of course, it will be apparent to those skilled
in the art from this disclosure that the front and rear
wheels 14 and 15 can have fewer or more of the spokes
than illustrated, if needed and/or desired. Each of the
spokes 18 has an outer threaded end or spoke head
coupled to the rim 20 by a spoke nipple and an inner
bent end coupled to the bicycle hub 12 or 13 in a con-
ventional manner. Thus, the outer ends of the spokes
18 are threadedly coupled to the spoke nipples to adjust
the tension in the spokes 18.
[0015] Moreover, since most of the parts of the bicycle
10 are well known in the art, the parts of the bicycle 10
will not be discussed or illustrated in detail herein, ex-
cept for the parts relating to the hubs 12 and 13 of the
present invention. Moreover, various conventional bicy-
cle parts such as brakes, derailleurs, additional sprock-
et, etc., which are not illustrated and/or discussed in de-
tail herein, can also be used in conjunction with the
present invention.
[0016] Referring now to Figure 2, the rear bicycle hub
13 basically includes a,hub axle assembly 31, a hub
shell 32, a pair of bearings 33a and 33b and a freewheel
34 for receiving the rear sprockets 28. The bearings 33a
and 33b rotatably support the hub shell 32 on the hub
axle assembly 31 as explained below. The bearings 33a
and 33b are threaded into opposite ends of the hub shell
32 to rotatably support the hub shell 32 on the hub axle
assembly 31 as explained below. Optionally, a disc
brake rotor (not shown) can be attached to the rear bi-
cycle hub 13 by a retaining or locking ring that is mount-
ed on the left side of the hub shell 32 such as disclosed
in U.S. Patent No. 6,371,252 to Kanehisa (Assigned to
Shimano, Inc.). In Figure 2, the locking ring is not in-
stalled on the left end of the hub shell 32 for purposes
of illustration.
[0017] As best seen in Figure 2, the hub axle assem-
bly 31 basically includes a spindle or hub axle 40, a hub
axle washer 41, a washer retaining portion or member
42, an axle sleeve 43, a left hub end cap or member 44,
a right hub end cap or member 45 and a hub axle nut
46. The hub axle assembly 31 rotatably supports the
hub shell 32 via the bearings 33a and 33b and the free-
wheel 34. As explained below, the freewheel 34 limits
rotation of the hub shell 32 to one rotational direction
relative to the hub axle assembly 31. The front bicycle
hub 12 preferably includes a hub axle assembly 31 that
is substantially identical to hub axle assembly 31 of the
rear bicycle hub 13. Thus, the front bicycle hub 12 will
not be discussed or illustrated herein.
[0018] As best seen in Figures 3 and 4, the hub axle
40 is a hard, rigid member that includes a shaft portion
51 and a head portion 52. The shaft portion 51 and the
head portion 52 are preferably integrally formed as a
one-piece, unitary member from a suitable hard, rigid
material. The hub axle 40 and the hub axle nut 46 con-
tact the bicycle frame 16b to secure the hub axle assem-
bly 31 thereto. The shaft portion 51 includes a first axle
end 51a and a second axle end 51b with threads formed

the second axle end 51b. The head portion 52 is fixedly
coupled to the first axle end 51a. A center axis O extends
longitudinally between the first and second axle ends
51a and 51b. The head portion 52 including a tool en-
gaging surface 52a at one end and an axial abutment
surface 52b at the other end facing towards the second
axle end 51b. The tool engaging surface 52a of the head
portion 52 is an axially extending blind bore with a non-
circular transverse cross section, preferably a hexago-
nal cross section.
[0019] An annular groove 51c is located on an en-
larged annular section of the first axle end 51a of the
shaft portion 51 to retain the hub axle washer 41 on the
first axle end 51a of the shaft portion 51. The resilient
member 42 is disposed in the groove 51c to releasably
retain the resilient member 42 on the first axle end 51 a
of the shaft portion 51.
[0020] As seen in Figure 2, the hub axle washer 41 is
disposed on the enlarged section of the first axle end 51
a of the shaft portion 51 that has a maximum diameter
that is greater than a maximum diameter of the second
axle end 51b of the shaft portion 51. As best seen in
Figures 6 and 7, the hub axle washer 41 includes an
annular outer peripheral surface 41a and an annular in-
ner peripheral surface 41b defining an axle receiving
opening. The outer peripheral surface 41 a of the hub
axle washer 41 has an annular step shape. The inner
peripheral surface 41b of the hub axle washer 41 in-
cludes an annular groove 41c with the resilient member
42 disposed therein. Preferably, the groove 51c of the
first axle end 51a of the shaft portion 51 is deeper than
the groove 41c of the hub axle washer 41.
[0021] Preferably, the resilient member 42 is a flexible
O-ring that is constructed of a resilient, flexible material
such as an elastomeric material. The inner radial width
or diameter of the opening of the resilient member 42 is
slightly smaller than the outer width or diameter of the
groove 51c of the first axle end 51a of the shaft portion
51. The outer radial width or diameter of the resilient
member 42 is slightly larger than the inner width or di-
ameter of the groove 41c of the hub axle washer 41.
Thus, the resilient member 42 is slightly compressed in
the radial direction when the hub axle washer 41 is in-
stalled over the resilient member 42, which is disposed
in the groove 51 c of the first axle end 51 a of the shaft
portion 51. In this construction, the hub axle washer 41
can be easily removed and/or replaced as needed and
/or desired without damaging the resilient member 42.
[0022] As seen in Figure 2, the axle sleeve 43 is a
tubular member that is concentrically mounted on the
hub axle 40. The axle sleeve 43 has a first end 43a with
external threads 43b, an annular abutment 43c and a
second end 43d with the freewheel 34 fixedly coupled
thereto. The external threads 43b of the axle sleeve 43
receive a locking nut 54. The locking nut 54 retains the
bearings 33a and 33b between the hub shell 32 and the
axle sleeve 43. The axle sleeve 43 has a center bore
43e that receives the hub axle 40 therein. The annular
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abutment 43c axially supports the outer end of the sec-
ond bearing 33b such that the axial compressive forces
are applied to the first and second bearings 33a and 33b
by the locking nut 54 when it is threaded onto the exter-
nal threads 43b of the axle sleeve 43.
[0023] The hub shell 32 will now be briefly described.
Preferably, the hub shell 32 is preferably formed as a
one-piece, unitary member. It will be apparent to those
skilled in the art from this disclosure that the hub shell
32 can be constructed of any substantially rigid material,
such as those materials, which are known in the art. For
example, the hub shell 32 can be constructed of any
suitable metallic material, such as plated steel, stainless
steel, aluminum, magnesium or titanium, as well as oth-
er non-metallic materials, such as carbon fiber compos-
ite, ceramic or plastic. Of course, the hub shell 32 could
be constructed of several pieces of various different ma-
terials as need and/or desired.
[0024] The hub shell 32 has a first or left shell end 32a
and a second or right shell end 32b with a center tubular
portion 32c located therebetween. The first and second
hub shell ends 32a and 32b are integral formed with the
center tubular portion 32c as a one-piece, unitary mem-
ber. The hub shell 32 is a tubular member having an
inner tubular surface forming a central interior passage
extending between the first and second shell ends 32a
and 32b. The hub axle 40 is disposed within the central
interior passage of the hub shell 32. The first and second
bearings 33a and 33b rotatably support the hub shell 32
on the hub axle 40 for rotating the hub shell 32 relative
to the hub axle 40.
[0025] The first shell end 32a has a first spoke attach-
ment portion or flange 32d and a brake rotor attachment
portion 32e, while the second shell end 32b has a sec-
ond spoke attachment portion or flange 32f. The first
spoke flange 32d is preferably an annular member with
a plurality of first spoke holes 32g that are equally
spaced apart about the imaginary circle that is centered
on the axis O. The first spoke holes 32g are arranged
to receiving the bent ends of the spokes 18. Similarly,
the second spoke flange 32f is preferably an annular
member with a plurality of second spoke holes 32h in
the second spoke flange 32f for receiving the bent ends
of the spokes 18. The second spoke holes 32h are equal
in number to the number of the first spoke holes 32g.
The second spoke holes 32h are circumferentially offset
relative to the first spoke holes 32g such that the first
and second spoke holes 32g and 32h are not axially
aligned. In the illustrated embodiment, the second
spoke holes 32h are equally spaced apart about the im-
aginary circle that is centered on the center axis O of
the hub axle assembly 31.
[0026] The left hub end cap 44 is a tubular member
that has an annular end flange 44a and a tubular section
44b. The left hub end cap 44 is fixedly coupled to the
first end 43a of the axle sleeve 43. Preferably, the left
hub end cap 44 is press-fitted into the center bore 43e
of the first end 43a of the axle sleeve 43. The end flange

44a preferably has a larger diameter than the second
tubular section 44b so as to form a radial abutment sur-
face 44c that contacts the axial end surface of the first
end 43a of the axle sleeve 43. The second tubular sec-
tion 44b has an outer diameter that is a size to be slid-
ably received within the center bore 43e of the axle
sleeve 43 at the first end 43a of the axle sleeve 43. The
left hub end cap 44 has a center bore 44d that is sized
to slidably receive the shaft portion 51 of the hub axle
40 therein. Thus, the hub axle 40 can be easily removed
from the axle sleeve 43 to replace the rear derailleur 20.
[0027] Preferably, the outer surface of the tubular sec-
tion 44b has an annular recess with an elastomeric O-
ring or sealing member 44e located therein. The sealing
member 44e frictionally retains the left hub end cap 44
in the center bore 43e of the first end 43a of the axle
sleeve 43. The sealing member 44e also forms a seal
between the interface of the outer surface of the tubular
section 44b and the inner surface of the center bore 43e
of the axle sleeve 43. Thus, the left hub end cap 44 can
be easily slid into and out of the center bore 43e of the
axle sleeve 43. The end flange 44a has a larger outer
diameter than the inner thread diameter of the external
threads 43b of the axle sleeve 43 so as to limit axial
movement of the locking nut 54 when the frame 16 con-
tacts this wide contacting surface of the end flange 44a.
Because the left hub end cap 44 is only frictionally re-
tained in the center bore 43e of the axle sleeve 43, the
left hub end cap 44 can be easily removed to loosen the
locking nut 54.
[0028] The right hub end cap 45 is a cup-shaped
member that is fixedly coupled to the second end 43d
of the axle sleeve 43. The freewheel 34 is retained on
the axle sleeve 43 by the right hub end cap 45. Basically,
the right hub end cap 45 has an inner step-shaped tu-
bular surface 45a with an outwardly extending flange
45b at its inner axial end. Preferably, the outwardly ex-
tending flange 45b is sized to substantially seal the outer
axial end of the freewheel 34. Thus, right hub end cap
45 can be easily slid onto and off of the axle sleeve 43.
In other words, because the right hub end cap 45 is only
frictionally retained on the axle sleeve 43, the right hub
end cap 45 can be easily attached and removed to install
and replace the freewheel 34.
[0029] Preferably, the inner tubular surface 45a has
annular recess with an elastomeric O-ring or sealing
member 45c located therein. The sealing member 45c
frictionally retains the right hub end cap 45 on the sec-
ond end 43d of the axle sleeve 43. The sealing member
45c also forms a seal between the interface of the outer
surface of the second end 43d of the hub axle 42 and
the inner tubular surface 45a.
[0030] The first bearing 33a is disposed between the
first axle end 40a of the hub axle 40 and the first shell
end 32a of the hub shell 32 to rotatably support the first
shell end 32a of the hub shell 32 on the first axle end
40a of the hub axle 40. The first or left side bearing 33a
basically includes a plurality of first rolling members or
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balls 60 disposed between a first inner race or cone 61
supported on the first axle end 40a of the hub axle 40
and a first outer race or cup 62 threadedly coupled to
the internal threads of the first shell end 32a of the hub
shell 32.
[0031] Again still referring to Figure 2, the second or
right side bearing 33b is disposed between the second
axle end 40b of the hub axle 40 and the second shell
end 32b of the hub shell 32 to rotatably support the sec-
ond shell end 32b of the hub shell 32 on the second axle
end 40b of the hub axle 40. The bearing 33b basically
includes a plurality of second balls 70 located between
a second inner race or cone 71 supported on the second
axle end 40b of the hub axle 40 and a second outer race
or cup 72 threadedly coupled to the second internal
threads 32r of the hub shell 32.
[0032] The hub axle nut 46 is a hard, rigid one-piece,
unitary member that includes a threaded bore 46a. The
threaded bore 46a is threadedly engaged with the
threaded section 51b of the shaft portion 51 to secure
the bicycle hub axle assembly 31 to the bicycle frame
16.
[0033] The freewheel 34 is operatively coupled be-
tween the second end of the hub axle 40 and the second
end of the hub shell 32. The freewheel 34 is relatively
conventional, and thus, will not be discussed or illustrat-
ed in detail herein. The freewheel 34 is coupled to the
hub shell 32 in a relatively conventional manner. The
sprockets 28 are mounted on the freewheel 34 in a rel-
atively conventional manner such that rotation of the
sprockets 28 results in rotation of the freewheel 34. Ro-
tation of the freewheel 34 in turn rotates the hub shell
32. The freewheel 34 basically includes of a driving cyl-
inder 80, a driven cylinder 82, a unidirectional rotation
transmission mechanism 86 and a pair of ball bearings
88 that are axially spaced apart by a cylindrical spacer
90.
[0034] The driving cylinder 80 is a tubular member
having an outer peripheral surface with a plurality of ax-
ially extending splines 80a formed at its outer end and
a plurality of transmission pawls 80b (only one shown
in Figure 2) coupled to at its inner end. The inner periph-
eral surface of the driving cylinder 80 is rotatably sup-
ported on the axle sleeve 43 by the ball bearings 88.
The transmission pawls 80b form a first part of the uni-
directional rotation transmission mechanism 86. Thus,
the inner axial end of the driving cylinder 80 is opera-
tively coupled to the driven cylinder 82 via the unidirec-
tional rotation transmission mechanism 86. The splines
80aof the driving cylinder 80 non-rotatably couple the
sprockets 28 to the outer peripheral surface of the driv-
ing cylinder 80. Thus, the sprockets 28 are mounted to
the driving cylinder 80 for transmitting torque to the hub
shell 32 via the unidirectional rotation transmission
mechanism 86.
[0035] The driven cylinder 82 has its outer peripheral
surface fixed to an inner peripheral surface of the splines
formed in the second shell end 32b of the hub shell 32.

The driven cylinder 82 has an inner peripheral surface
with serrated teeth that form a second part of the unidi-
rectional rotation transmission mechanism 86. These
serrated teeth are engaged by the transmission pawls
80b in a conventional manner. Thus, the unidirectional
rotation transmission mechanism 86 is constructed of
the transmission pawls 80b and the serrated teeth that
form a one-way clutch that is operatively coupled be-
tween the driving cylinder 80 and the driven cylinder 82.
The transmission pawls 80b are moved outwardly in a
radial direction to mesh with the serrated teeth due to
centrifugal forces occurring from the positive rotation of
the driving cylinder 80. This engagement of the trans-
mission pawls 80b with the serrated teeth 82a transmits
the driving power or torque from the freewheel 34 to the
hub shell 32 that is splined engaged with the driven cyl-
inder 82.

SECOND EMBODIMENT

[0036] Referring now to Figures 8-12, a hub axle as-
sembly 131 in accordance with a second embodiment
will now be explained. Basically, the hub axle assembly
131 can be used in the rear hub 13 of the first embodi-
ment instead of the hub axle assembly 31. In view of the
similarity between the hub axle assemblies 31 and 131
of the first and second embodiments, the hub axle as-
sembly 131 will not be discussed in detail for the sake
of brevity.
[0037] As best seen in Figures 8 and 9, the hub axle
assembly 131 includes a spindle or hub axle 140 and a
hub axle washer 141. In this embodiment, the resilient
member is eliminated. The hub axle assembly 131 fur-
ther includes the axle sleeve 43, the left hub end cap or
member 44, the right hub end cap or member 45 and
the hub axle nut 46 from the first embodiment. Thus, the
hub axle assembly 131 is designed to rotatably support
the hub shell 32 of the first embodiment via the bearings
33a and 33b.
[0038] As best seen in Figure 10, the hub axle 140 is
a hard, rigid member that includes a shaft portion 151,
a head portion 152 and a washer retaining flange or por-
tion 153. The shaft portion 151, the head portion 152
and a washer retaining portion 153 are preferably inte-
grally formed as a one-piece, unitary member from a
suitable hard, rigid material. The shaft portion 151 in-
cludes a first axle end 151a and a second axle end 151b
with threads formed the second axle end 151b. The
head portion 152 is fixedly coupled to the first axle end
151a. A center axis O extends longitudinally between
the first and second axle ends 151a and 151b. The head
portion 152 including a tool engaging surface 152a at
one end and an axial abutment surface 152b at the other
end facing towards the second axle end 151b. The tool
engaging surface 152a of the head portion 152 is an ax-
ially extending blind bore with a non-circular transverse
cross section, preferably a hexagonal cross section.
[0039] The washer retaining flange 153 is an annular
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member that is located on an enlarged section of the
first axle end 151a of the shaft portion 151 to retain the
hub axle washer 141 on the first axle end 151a of the
shaft portion 151. Initially, the washer retaining flange
153 extends in an axial direction as seen in Figure 9
such that the hub axle washer 141 can be slipped over
the enlarged section of the first axle end 151 a of the
shaft portion 151. Then, the washer retaining flange 153
is deformed outwardly in a generally radial direction to
retain the hub axle washer 141 on the first axle end 151a
of the shaft portion 151.
[0040] The hub axle washer 141 is disposed on the
enlarged section of the first axle end 151a of the shaft
portion 151 that has a maximum diameter that is greater
than a maximum diameter of the second axle end 151b
of the shaft portion 151. The hub axle washer 141 in-
cludes an outer peripheral surface 141 a and an inner
peripheral surface 141b defining an axle receiving open-
ing. The outer peripheral surface 141 a of the hub axle
washer 141 has an annular step shape. The inner pe-
ripheral surface 141b of the hub axle washer 141 has
an annular step shape that forms an annular recess
141c with the washer retaining flange 153 disposed
therein when the washer retaining flange 153 is de-
formed outwardly. Thus, the washer retaining flange 153
retains the hub axle washer 141 on the first axle end
151a of the shaft portion 151.

THIRD EMBODIMENT

[0041] Referring now to Figure 13-18, a hub axle as-
sembly 231 in accordance with a third embodiment will
now be explained. Basically, the hub axle assembly 231
can be used in the rear hub 13 of the first embodiment
instead of the hub axle assembly 31. In view of the sim-
ilarity between the hub axle assemblies 31 and 231 of
the first and third embodiments, the hub axle assembly
231 will not be discussed in detail for the sake of brevity.
[0042] As best seen in Figure 13, the hub axle assem-
bly 231 includes a spindle or hub axle 240 and a hub
axle washer 241 and a resilient portion or member 242.
In this third embodiment, the washer retaining portion
includes the resilient portion or member 242a which is
a press-on washer that is retained on the hub axle 240.
The hub axle assembly 231 further includes the axle
sleeve 43, the left hub end cap or member 44, the right
hub end cap or member 45 and the hub axle nut 46 from
the first embodiment. Thus, the hub axle assembly 231
is designed to rotatably support the hub shell 32 of the
first embodiment via the bearings 33a and 33b.
[0043] As best seen in Figure 14, the hub axle 240 is
a hard, rigid member that includes a shaft portion 251
and a head portion 252. The shaft portion 251 and the
head portion 252 are preferably integrally formed as a
one-piece, unitary member from a suitable hard, rigid
material. The shaft portion 251 includes a first axle end
251a and a second axle end 251b with threads formed
the second axle end 251b. The head portion 252 is fix-

edly coupled to the first axle end 251a. A center axis O
extends longitudinally between the first and second axle
ends 251a and 251b. The head portion 252 including a
tool engaging surface 152a at one end and an axial
abutment surface 252b at the other end facing towards
the second axle end 251b. The tool engaging surface
252a of the head portion 252 is an axially extending blind
bore with a non-circular transverse cross section, pref-
erably a hexagonal cross section.
[0044] The hub axle washer 241 is disposed on the
enlarged section of the first axle end 251a of the shaft
portion 251 that has a maximum diameter that is greater
than a maximum diameter of the second axle end 251b
of the shaft portion 251. The hub axle washer 241 in-
cludes an annular outer peripheral surface 241 a and
an annular inner peripheral surface 241b defining an ax-
le receiving opening. The outer peripheral surface 241
a of the hub axle washer 241 has an annular step shape.
The inner peripheral surface 241b of the hub axle wash-
er 241 has an annular step shape that forms an annular
recess 241c with the resilient member 242 disposed
therein when the resilient member 242 is retained on the
first axle end 251 a of the shaft portion 251.
[0045] Preferably, the resilient member 242 is a flex-
ible clip that is constructed of a resilient, flexible material
such as a spring steel material. The resilient member
242 has an annular ring section 242a with four circum-
ferentially arranged flanges 242b that define a bolt re-
ceiving opening 242c. The inner radial width or diameter
of the opening 242c of the resilient member 242 is slight-
ly smaller than the outer width or diameter of the first
axle end 251a of the shaft portion 251. The outer radial
width or diameter of the resilient member 242 is slightly
smaller than the inner width or diameter of the annular
recess 241 c of the hub axle washer 241. Thus, when
the resilient member 242 is installed over the shaft por-
tion 251, the flanges 242b of the resilient member 242
are slightly bent outwardly to retain the resilient member
242 on the shaft portion 251. Since the innermost diam-
eter of the inner peripheral surface 241b of the hub axle
washer 241 is smaller than the ring section 242a of the
resilient member 242, the hub axle washer 241 is re-
tained by the resilient member 242 on the shaft portion
251.
[0046] While the present invention is illustrated in the
form of a hub axle, it will be apparent to those skilled in
the art from this disclosure that the present invention
can be used with other bicycle bolts. For example, the
structures of the hub axles and hub axle washers with
their retaining members or portions can be used with a
brake cable fixing bolt.
[0047] As used herein, the following directional terms
"forward, rearward, above, downward, vertical, horizon-
tal, below and transverse" as well as any other similar
directional terms refer to those directions relative to a
bicycle equipped with the present invention. According-
ly, these terms, as utilized to describe the present inven-
tion should be interpreted relative to a bicycle equipped
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with the present invention.
[0048] The terms of degree such as "substantially",
"about" and "approximately" as used herein mean a rea-
sonable amount of deviation of the modified term such
that the end result is not significantly changed. These
terms should be construed as including a deviation of at
least ±5% of the modified term if this deviation would
not negate the meaning of the word it modifies.
[0049] While only selected embodiments have been
chosen to illustrate the present invention, it will be ap-
parent to those skilled in the art from this disclosure that
various changes and modifications can be made herein
without departing from the scope of the invention as de-
fined in the appended claims. Furthermore, the forego-
ing descriptions of the embodiments according to the
present invention are provided for illustration only, and
not for the purpose of limiting the invention as defined
by the appended claims and their equivalents.

Claims

1. A bicycle hub axle assembly (31, 131, 231) com-
prising:

a hub axle washer (41, 141, 241) including an
outer peripheral surface (41a, 141a, 241a) and
an inner peripheral surface (41b, 141b, 241b)
defining an axle receiving opening; and
a bicycle hub axle (40, 140, 240) including a
shaft portion (51, 151, 251), a head portion (52,
152, 252) and a washer retaining portion (42,
153),
the shaft portion (51, 151, 251) including a first
axle end (51 a, 151a, 251a) and a second axle
end (51b, 151b, 251b) with threads formed the
second axle end and a center axis (O) extend-
ing between the first and second axle ends,
the head portion (52, 152, 252) formed on the
first axle end of the shaft portion, the head por-
tion including a tool engaging surface (52a,
152a, 252a) and an axial abutment surface
(52b, 152b, 252b) facing towards the second
axle end (51b, 151b, 251b), and
the washer retaining portion (42, 153) being lo-
cated on the first axle end (51a, 151a, 251a) of
the shaft portion (51, 151, 251) to retain the hub
axle washer (41, 141, 241) on the first axle end
of the shaft portion (51, 151, 251).

2. The bicycle hub axle assembly (31, 131, 231) ac-
cording to claim 1, wherein
the washer retaining portion (42, 153) includes a re-
silient member (42, 242) retained on the first axle
end (51a, 151a, 251a) of the shaft portion (51, 151,
251).

3. The bicycle hub axle assembly (31, 131,231) ac-

cording to claim 2, wherein
the resilient member (42, 242) is a flexible O-ring.

4. The bicycle hub axle assembly (31, 131, 231) ac-
cording to any of the preceding claims, wherein
the washer retaining portion (42, 153) includes a
press-on washer that is retained on the first axle end
(51a, 151a, 251a) of the shaft portion (51, 151, 251).

5. The bicycle hub axle assembly (31, 131, 231) ac-
cording to any of the preceding claims, wherein
the washer retaining portion (42, 153) is a deformed
part of the first axle end (51a, 151a, 251a) of the
shaft portion (51, 151, 251).

6. The bicycle hub axle assembly (31, 131, 231) ac-
cording to claim 2, wherein
at least one of the hub axle washer (41, 141, 241)
and the first axle end (51a, 151a, 25 1 a) of the shaft
portion (51, 151, 251) includes a groove (41 c, 51c)
with the resilient member (42, 242) disposed there-
in.

7. The bicycle hub axle assembly (31, 131, 231) ac-
cording to claim 2, wherein
the hub axle washer (41, 141, 241) and the first axle
end (51a, 151a, 251a) of the shaft portion each in-
cludes a groove (41c, 51c) with the resilient mem-
ber (42, 242) disposed therein.

8. The bicycle hub axle assembly (31, 131, 231) ac-
cording to claim 7, wherein
the groove (51 c) of the first axle end (51 a, 151a,
251a) of the shaft portion (51, 151, 251) is deeper
than the groove (41c) of the hub axle washer (41,
141, 241).

9. The bicycle hub axle assembly (31, 131, 231) ac-
cording to any of the preceding claims, wherein
the outer peripheral surface (41 a, 141 a, 241a) of
the hub axle washer (41, 141, 241) has an annular
step shape.

10. The bicycle hub axle assembly (31, 131, 231) ac-
cording to any of the preceding claims, wherein
the hub axle washer (41, 141, 241) is disposed on
an enlarged section of the first axle end (51a, 151a,
25 1 a) of the shaft portion (51, 151, 251) that has
a maximum diameter that is greater than a maxi-
mum diameter of the second axle end (51b, 151b,
251b) of the shaft portion (51, 151, 251).

11. A bicycle bolt assembly comprising:

a washer including an outer peripheral surface
(41 a, 141 a, 241 a) and an inner peripheral sur-
face (41b, 141b, 241b) defining an axle receiv-
ing opening;
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a bicycle bolt including a shaft portion (51, 151,
251) having a first axle end (51a, 151a, 251a)
and a second axle end (51b, 151b, 251b) with
threads formed the second axle end, and a
head portion (52, 152, 252) formed on the first
axle end of the shaft portion, the head portion
including a tool engaging surface (52a, 152a,
252a) and an axial abutment surface (52b,
152b, 252b) facing towards the second axle
end,
a resilient member (42, 242) retained on the
first axle end of the shaft portion (51, 151, 251)
and disposed such that the washer is retained
on the first axle end of the shaft portion (51,
151, 251).

12. The bicycle bolt assembly according to claim 11,
wherein
the resilient member (42, 242) is a flexible O-ring.

13. The bicycle bolt assembly according to claim 11,
wherein
at least one of the hub axle washer (41, 141, 241)
and the first axle end (51a, 151a, 251a) of the shaft
portion (51, 151, 251) includes a groove (41c, 51 c)
with the resilient member (42, 242) disposed there-
in.

14. The bicycle bolt assembly according to claim 11,
wherein
the hub axle washer (41, 141, 241) and the first axle
end (51a, 151a, 251a) of the shaft portion (51, 151,
251) each includes a groove (41c, 51c) with the re-
silient member (42, 242) disposed therein.

15. The bicycle bolt assembly according to claim 14,
wherein
the groove (51c) of the first axle end (51a, 151a,
251a) of the shaft portion (51, 151, 251) is deeper
than the groove (41c) of the hub axle washer (41,
141, 241).

16. A bicycle hub (12, 13) comprising:

a hub axle washer (41, 141, 241) including an
outer peripheral surface (41a, 141a, 241a) and
an inner peripheral surface (41b, 141b, 241b)
defining an axle receiving opening;
a hub axle (40, 140, 240) including a shaft por-
tion (51, 151, 251), a head portion (52, 152,
252) and a washer retaining portion (42, 153);
and
a hub shell (32) having a first shell end (32a)
and a second shell end (32b) with an inner tu-
bular surface forming a central passage ex-
tending between the first and second shell
ends, the hub axle being disposed within the
central passage of the hub shell (32) such that

the hub shell is rotatably supported on the hub
axle (40, 140, 240);
the shaft portion (51, 151, 251) of the hub axle
(40, 140, 240) including a first axle end (51a,
151a, 251a) and a second axle end (51b, 151b,
251b) with threads formed the second axle end
and a center axis extending between the first
and second axle ends,
the head portion (52, 152, 252) formed on the
first axle end of the shaft portion (51, 151, 251),
the head portion including a tool engaging sur-
face (52a, 152a, 252a) and
an axial abutment surface (52b, 152b, 252b)
facing towards the second axle end (51b, 151b,
251b),
the washer retaining portion (42, 153) being lo-
cated on the first axle end (51a, 151a, 251a) of
the shaft portion (51, 151, 251) to retain the hub
axle washer (41, 141, 241) on the first axle end
of the shaft portion (51, 151, 251).

17. The bicycle hub according to claim 16, comprising
a bicycle hub axle assembly according to any of
claims 2 to 10.
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